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@ Telomers. 

@ An aqueous process for the production of a (co)telomer having the fonnula I : 
O 



I 



0X5 



CH(WO 



C(W2) (W3) 



IV 



J r 



^ Vdro^' m t y 'or%TsX"' ?0 W TthlJ^^ "'f f -^''''^^y^^2)mh in which 
substituted by a hydroxy grouo W, ?s hvd^on^n r r l^V'l '^^'^'^^en or C-Ce alkyl. optionally 
hydrogen, a residue o?fonSula:' ^ ^ ' ^'yd^^y^e'hyl. -CO, W5 in which W5 is 

o 

y\ 

CH2 CH CH2 
a residue of formula : 



CH2 CH(W^P- 



H 



. s 
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in which Wg is hydrogen, methyl or phenyl and s is an integer ranging from 1 to 100. or Wj is €,-€3 alky! 
which is optionally substituted by SO3 X5 in which X5 has its previous significance ; 
W, is a residue - CO, W4 in which W* has its previous significance, or W3 is C,-C8 aJkyI optionally 
substituted by one or two carboxylic acid groups, or is a phenyl -residue optionally substihjted by 
hvdroxyl or SO, X5 in which X5 has its previous significance, or W3 is acetyl, hydrox^^ethyK Mroxyl, 
acetomethyl, SO, X5. CH2 SO3 X5 or {X^h in which X5 has its previous significance, a residue CONWyVVa in 
which Wt and W« are the same or different and each is hydrogen. CrCg alkyl. hydroxymethyl or a residue 
CH{OH)C02X5. C(CH3)2CH2SO,X5. C{CH,h CH^CO^Xs or C(CH3)2CHjP03(Xs)2 in !«hich )^ has ite pre>^^^ 
significance or N(W9)COCH3 in which W9 is hydrogen or C,-C4 alkyl. or W3 is -CH2lO(CH2)plsOW9 in 
which Wa and s have their previous significance and p is an integer from 1 to 12 or W3 and W, may fomi a 
carboxylic add anhydride moiety -CO.O.CO- ; and r is an integer ranging from 2 to 100. which process 
comprises reacting, in an aqueous medium, a compound having the fomiula III : 



H III 



Ro OX 



5 



in which X5 has its previous significance, Y is OR3 in which R3 is hydrogen or CrC4 alkyl or NR4R5 in 
which R4 and R5. independently, are hydrogen or Ct-C4 alkyl. or R4 and R5. together with the nitrogen 
atom to which they are attached, can fomi an N-heterocyclic ring ; and and R2, independency, ar 
hydrogen or 0,-04 alkyl or and R2, together with the carbon atom to which they are attached, may 
form a cyclopentyl or cydohexyl ring, with r mdes of an olefin of fonriula IV : 

CH(Wi) = C(W2)(W3) IV 
in which Wi, W2 and W3 have their previous significance, to fomn a compound having the fonmula V : 

Ri O 



R2 0X5 

in which Y, Ri, R2. X5 and A2 have their previous signrficance ; and then converting the compound of 
formula V to a compound of fomriula I. 
The compounds of fomnula V are new compounds. 
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The present invention relates to new phosphonic (co)telomers having scale inhibiting properties per se; to 
their production; and to their use as intennediates for other scale-inhibiting and/or corrosion-inhibitjng (co)te- 
lomers. 

The majority of natural waters, and aqueous systems in general, contain dissolved salts of metals such as 
calcium, magnesium, barium and strontium. When the water or aqueous system is subjected to heating, the 
dissolved salts may be converted to insoluble salts and deposited as scale on heat transfer surfaces in contact 
with the water or aqueous system. If the water or aqueous system is concentrated, even without heating. In- 
soluble salts may also be precipitated. 

Salt precipitation and scale deposition are troublesome and can cause increased costs in maintaining aqu- 
eous systems In good woricing order. 

There is a need, in this field, for a composition which can be added to water or aqueous systems In very 
smalt quantities and which can cut down the rate at which insoluble salts are precipitated over a wide temper- 
ature range, and can also disperse those insoluble salts which are precipitated. Furthenmore. when any scale 
is formed, it should desirably be easily removeable from surfaces by simple mechanical means, 

A number of additives have been proposed for addition to water or aqueous systems for these purposes. 

In the U.S. Patent 4046707 there are described scale-inhibiting (co)telomers having the fonmula: 



20 



25 



O 

II 

p- 
I 



CH2C(R")- 



CO2H 



CH2CH(R")C02H 



-J n 



30 



and salts thereof, in which R*^ is hydrogen, nr»ethyl or ethyl; R is hydrogen. Ci-Ciealkyl. C5-C12 cycloalkyi, aryl, 
aralkyl. a residue of fonnula: 



35 



CH2C(Ri>)- 

I 

CO2H 



CH2CH(Rii)C02H 



m 



40 



in which R'^ has its previous significance, and the sum of m and n is an integer of at most 100, or R is OX in 

which X Is hydrogen or CrC4 alkyi; and is a residue OX in which X has its previous significance. 
In EP Patent 150706. scale inhibiting cotelomer compounds are disclosed having the formula: 



45 



B 



50 



and salts thereof, in which Rg is -OX in which X is hydrogen, an alkali- or alkaline earth metal, ammonium or 
an amine residue; B is hydrogen or A; A is a random polymeric residue comprising at least one unit of formula: 



55 
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CH2C(R^^) 



CO2H 

to in which R^^ is hydrogen, methyl or ethyl; and at least one different unit of formula: 



CH(Rb)-C(Rc)(Rd) 



in which Rb is hydrogen, methyl or COzRe in which Re is hydrogen or C^-Cq alkyi optionally substituted by hy- 
20 droxy. Rc is hydrogen, CrC4 alkyI, hydroxymethyl or COaRf in which Rf is hydrogen, a residue of formula: 

O 

CH2CH CH2 

25 

a residue -[CH2-CH(Rg)0LH in which Rg is hydrogen, methyl or phenyl and 2 is an integer from 1 to 20, or Rf 
is CrCa alkyI optionally subsbtuted by hydroxy or by SO3M, in which M Is hydrogen or an alkali- or alkaline 
earth metal atom, R^ is COzR^ in which R^ is as above, or R^ is Ci-Ca alkyi optionally subsbtuted by 1 or 2 

30 carboxyl groups, phenyl, acetyl, hydroxymethyl, acetomethyl, SO3M, CH2SO3M or PO3M2, in which M has its 
previous significance, CONRhRi in which Rt, and R, are the same or different and each is hydrogen, Ci-Cs alkyI, 
hydroxymethyl, CH(0H)C02M or C(CH3)2 CH2SO3M, in which M has its previous significance or N(Rj)C0CH3 
in which Rj is hydrogen or Cr C4 alkyI; and m^ and n^ are integers such that the sum of m^ and n^ ranges from 
3 to 100, and the ratio n^im^ ranges from 99:1 to 1:99, provided that the resulting telomers are water-soluble. 

35 The values of m^ and/or n^ in a residue A may be the same as, or different from the values of m^ and/or n^ in 
a residue B. 

EP-A-360746 describes cotelomer compounds having the formula: 



o 
II 

Ai P OX, 

45 I 

and salts thereof, in which Xi is hydrogen, CrC4 alkyl, phenyl, alkali metal- or alkaline earth metal atom, or an 
so ammonium or amine residue; Ri is OX2 in which X2 may be the same as or different from X,, and is hydrogen, 
Ct-C4 alkyl, phenyl, an alkali- or alkaline earth metal atom or an ammonium or an amine residue, or Xi and X2 
together may be a multivalent metal atom forming a neutral complex with anionic moieties of the cotelomer mol- 
ecule, or X, and X2 may be linked by a -CH2CH2- residue to form a ring structure; A, is a random polymeric 
residue comprising at least one unit of formula: 

55 
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CH2 C(R2) 



5 



n 



,11 



OO2X3 



10 and at least one different unit of formula: 



CH(R3) 



C(R4)(R5) 



15 



m 



11 



in which R2 is hydrogen or Cj C4 alkyi optionally substituted by one or two carboxyl groups, X3 is the sanie as 
20 or different from X, and X2 anu is hydrogen, C1-C4 alkyI, phenyl, an alkali metal- or alkaline earth metal atom, 
or an ammonium or an amine residue; 

R3 is hydrogen, methyl or a residue CO2R6 in which Re is hydrogen or CrCs alkyI optionally substituted 
by a hydroxy group; R4 is hydrogen, C1-C4 akyi, hydroxymethyl or CO2R7 in which R7 is hydrogen, a residue, 
of formula: 



a residue of formula -ICH2-CH(R8)0]2H in which Rs is hydrogen, methyl or phenyl and z is an integer from 1 to 
20, or R7 is Ci-CsalkyI optionally substituted by hydroxy or SO3X4 in which X4 is hydrogen or an alkali or alkaline 
earth metal atom; R5 is a residue -CO2R7 in which R7 has its previous significance, Ci-Ce alkyI optionally sub- 

35 stituted by one or two carboxylic acid groups, or R5 is phenyl optionally substituted by hydroxyl or SO3X4, or 
R5 is acetyl, hydroxymethyl, hydroxyl, acetomethyl, SO3X4. CH2SO3X4 or P03(X4)2 in which X4 has its previous 
significance, -CONR9R10 in which Rg and R^o are the same or different and each is hydrogen, C^-Cq alkyI, hy- 
droxymethyl, -CH(OH)C02X4. -C(CH3)2CH2S03X4, -C(CH3)2CH2C02X4 or -C(CH3)2CH2P03{X4)2 in which X4 
has its previous significance, or -N(Rii)C0CH3 in which R^ is hydrogen, or CrCs alkyI; or R5, with R3, may 

40 form a carboxylic acid anhydride moiety «CO.O.CO-; and m^^ and n^^ are integers such that the sum of m^^ 
and n^i ranges from 2 to 100, the ratio of m^^ to n^^ ranges from 99:1 to 1:99, provided that the resulting copo- 
lymer Is water-soluble. 

These known scale-inhibiting and/or conrosion-inhibiting (co)telomers are conventionally produced by re- 
acting the appropriate olefin monomer(s) with phosphorous acid, or an ester or salt thereof, in the presence of 
45 a reaction initiator e.g. an organic peroxide. 

When phosphorous acid per se is used as the reactant, special metallurgical plant may be required, in view 
of the highly corrosive nature of the acid. The yield of the desired (co)telomer is low and high levels of unreacted 
phosphorous acid which may need to be removed or are left in the reaction mixture. 



In addition, there is the possibility that homo- and/or copolymers of the olefin may be formed having a low 



50 phosphorus content, which are clearly undesired in an end product intended for use as a scale inhibitor. 

When a derivative of phosphorous acid e.g. is used as the reactant, although the yields of the desired (co)te- 
lomer are improved, the organic reaction mixture requires to be subjected to exp nsive hydrolysis procedures 
to obtain the free acid fonm of the (co)telomer and expensive separation procedures to recover the hydrolyzed 
product from waste products, are required. 
55 W have now found that these problems, associated with known organic reaction systems, can be over- 

come by the utilization of a new aqueous reaction technique. 

Accordingly, the present invention provides an aqueous process for the production of a (co)telomer having 
the fomnula I: 



25 




30 



CH2CH 



CH2 



5 



" .1 
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10 



0X5 

in which Xg is hydrogen. Ct-C4 alkyi. phenyl, an alkali metal - or alkaline earth metal atom, or an ammonium 
or amine residue; A2 is a homopolymer residue having the formula II: 



15 



20 



25 



CH(W,) C(W2)(W3) 



n 



H 



J r 



or A2 is a copolymer residue of formula II comprising two or more different residues -[CH(Wi)-C(W,)-C(W2)(W3)-]r 
in which W, is hydrogen, methyl or a residue -CO2W4 in which W4 is hydrogen or C-Cg alkyi optionally substi-' 
tuted by a hydroxy group. Wj is hydrogen. 0,-64 alkyi. hydroxymethyl. -CO2W5 in which W5 is hydrogen, a re- 
sidue of formula: 



30 



O 



CH- 



CH, 



a residue of formula: 



35 



40 



45 



50 



CH2 CH(W(j)0- 



H 



J s 



in which Wg is hydrogen, methyl or phenyl and s is an integer from 1 to 100. preferably 1 to 50. especially 1 to 
20. or W5 is CrCa alkyi which is optfonally substituted by SO3X5 in whfch X5 has its previous significance; 

W3 is a residue -CO2W4. in which W4 has its previous significance, or W3 is C,-Cg alkyi optionally sub- 
stituted by one or two carboxylic acid groups, or a phenyl residue optionally substituted by hydroxyl or SO3X5 
in which X5 has its previous significance, or W3 is acetyl, hydroxynrethyl. hydroxyl. acetomethyl. -SO3X5. -CH2 
SO3X5. or -P03(X5)2 in which X5 has its previous significance, a residue -CONW7W8 in which W7 and We are 
the same or different, and each is hydrogen. C,-C8 alkyi. hydroxymethyl or a residue -CH(OH)C02X5. -C 
(CH3)2CH2S03X5, -C(CH3)2CH2C02X5 or-qCH3)2CH2P03(X5)2 in which Xg has its previous significance, or -N 
(W9)COCH3 in which W9 is hydrogen or C,-C4 alkyi. or W3 is -CH2[0(CH2)p-]30W9 in which W9 and s have their 
previous significance and p is an integer from 1 to 12 or W3 and W, may form a carboxylic acid anhydride moiety 
-CO.O.CO-; and r is an integer ranging firom 2 to 1 00 preferably 4 to 50. especially 4 to 20. which process com- 
prises reacting, in an aqueous medium, a compound having the formula III: 



55 
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Rl O 



Y C- 



H 



OX, 



m 



m which Xs has its previous significance. Y is -OR3 in which R3 is hydrogen or C,-C, alkyi or -NR4R5 in which 
R» and f^. independently, are hydrogen or C,-C4 alkyl. or R, and Rs. together with the nitrogen atom to which 
they are bonded can torn an N-heterocydic ring e.g. a pyridine, piperidine or morpholine ring; and R, and R, 
independentJy. are hydrogen. C,-C4 alkyl or R, and Rj. together with the carbon atom to which they are bonded 
may forni a cydopentyl or cydohexyl ring, with r moles of one or more olefins of formula IV 

CH(W,) = cmm IV in which W,. and Wj have their previous significance to form a compound havinq 
the formula V; ^ 



R, 



O 



OX, 



in which Y. R,, R2. X5 and A2 have their previous significance; and then converting the compound of formula 
V to a compound of fonnula I e.g. by reaction with hypochlorite. 

• ^ ^"^"""Ir. °^ ^'"^ '^^"^^ ^" ^ ^"^ ""^y straight or branched chain and 

indude methyl, ethyl, n-propyl. isopropyl and n-butyl residues. 

C,-C8 alkyl residues W3. W4. W5. W7 or indude. e.g. methyl, ethyl, n-propyl. isopropyl. n-butyl. n-pentyl 
n-hexyl and n-octyl groups. r- ^ . 

Hydroxy-substituted C-Cs alkyl residues W4 are. e.g., hydroxymethyl. 2-hydroxyethyl. 2- or 3- hydroxy- 
propyl. 2- or 4- hydroxybutyl. 2- or 6- hydroxyhexyl, and 2- or 8- hydroxyoctyl. 

Carboxy-C,-Ca alkyl residues W3 indude carboxymethyl. 2- carboxyethyl. 3-carboxypropyl. 4-carboxybu- 
tyl, 3.4-dicarboxybutyl, 6-carboxyhexyl and 8-carboxyoctyl. 

Alkali metal atoms X5 are. particularly, alkali metals such as sodium or potassium ions, and alkaline earth 
metal atoms Xg are, especially, calcium, barium or strontium ions. Amine residues X5 are e.g. ammonium -NH 
(CH3)3, -NH(C2H5)3 or -NH(CH2CH20H)3. 

.^'fj"^'^ (co)telomers of fomiula I are those in which Aj is a homopolymer residue of formula II in which 
W, IS hydrogen. W^ishydrogen orC02W4 and W3 has its previous significance or Aj is a copolymer comprising 
at least one unit of fomiula II in which W, is hydrogen. W2 is hydrogen or CO2W4 and W3 has its previous sig- 
nificance, and at least one unit of fomiula II in which W, is hydrogen or -CO2W4, in which W4 has its previous 
significance. W2 is hydrogen or -CO2W4 in which W4 has its previous significance, and W3 has its previous sig- 
nificance. J K a 

The reaction of the compound of formula ill with the olefin or olefins of formula IV may be perfomied in the 
presence of a reaction initiator, generally described in U.S. Patent Specification 2957931 . Suitable reaction ini- 
tiators indude materials which decompose, under the reaction conditions, to yield free radicals Examples of 
such matenals are bisazoisobutyronitrile; organic peroxides such as benzoyl peroxide, methylether ketone per- 
oxide, di-tertiary butyl peroxide and monobutyl hydroperoxide; and oxidizing agents such as hydrogen peroxide 
sodium perborate and sodium persulphate. 

The intemfiediate products of formula V are new compounds and. as such, fomi one aspect of the present 
invention. The intermediate compounds of formula V. per se. exhibit scale-inhibiting properties 

Examples of olefin reactants of fonmula IV indude acrylic acid, methacrylic acid, l-carijoxymethyl acrylic 
acid as well as their C,-C4 alkyl or phenyl esters, or alkali metaf. alkaline earth metal, ammonium or amine salts, 
acrylamide. N-hydroxymethylacrylamlde. N.N-dimethyl-acrylamide. N-vinyl-N-methylacetamide. N-allylaceta- 
mide. N-acrylamidoglycollic acid, methacrylic add, methyl methacrylate. ethyl acrylate. 2-hydroxyethyl metha- 
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ciylate. 2-hydroxypropy1 methacrylate, 2-hydroxyethyl aciylate. 2-hydroxypropyl acrylal ; 2-cart)oxyethyl ao- 
lylate; maleic acid; maleic anhydride; a maleimide; 3-butene- 1 .2.3-tri-carboxylic acid; dimethyl mafeate- diethvl 
maleate: diethyl fumarate; Itaconic acid; dimethyl itaconate; vinyl sulphonic acid; ailyl sulphonic acid; 4-styrene 
sulfonic acd; sodium- or potassium salts of 3-sulphopropy| acrylic acid; 2.acrylamido- 2-methyl-propanesul- 
phonic acid; vinyl phosphonic acid; styrene phosphonic acid; allyl alcohol; allyl acetate; vinyl acetate- styren • 
a-fliethyl styrene; hexene; octene; N-acrylamidopropanesulphonic acid; glycidyl methacrylate; crotonic acid' 
ettiy^ crotonate; polyethylene glycol esters; polypropylene glycol esters of (rT)eth)acrylic acids and allyl poly- 
ethylene or propylene glycol ethers. 

The compounds of formula III may be produced by reacting hypophosphorous acid having the formula VI: 



H p H VI 

I 

OH 



with a compound having the formula VII: 




vn 



in which Yq is O or NR4, and R, and R2 have their previous significance. 

The reaction may be conveniently performed by firstly, adding mineral acid. e.g. hydrochloric acid, to a salt 
or ester of hypophosphorous acid. e.g. sodium hypophosphite, to generate hypophosphorous acid in situ. The 
compound of fomiula VII may then be added. The reaction is preferably conducted at elevated temperature 
conveniently at the reflux temperature of the reaction mixture. The product of formula III may be isolated, as 
free acid, salt or ester, by conventional method. 

When Y in the compounds of formula III is -NR4R5, such compounds may be produced by reacting hypo- 
phosphorous acid with a compound of formula 0=C R,R2 VIIA in which R, and R^ have their previous signifi- 
cance in the presence of an amine R4R5NH. 

Examples of carbonyl reactants of formula VII or VIIA include formaldehyde, acetaldehyde. propionalde- 
hyde. butyraldehyde. acetone, methylethylketone, diethylketone. dipropylketone. dibutylketone. cyclopenta- 
none and cydohexanone; and examples of imine reactants VII are methylethylketimine and cyclohexylketimine 

The products of formula I. produced by the process of the present invention are obtained as aqueous sol- 
utions. 

These solutions may be subjected to partial or complete evaporation under reduced pressure. The unpuri- 
fied reaction products may be used directly as scale-inhibiting (co)telomeric products. The reaction products 
may be purified if desired. Examples of suitable purification procedures are: 

i) by evaporation of the aqueous reaction solvent, dissolving the residue in water, washing with a water 
immiscible organic solvent e.g. ether and evaporation of the aqueous solution. 

ii) by evaporation of the aqueous reaction solvent, dissolving the residue in a suitable solvent. e.g. metha- 
nol, and reprecipitation by addition of a non-solvent e.g. ether. 

If desired, any acid groups so obtained may be converted, by conventional methods, into the corresponding 
salt groups. " 

Salts of the compounds of formula I in which some or all of the acidic hydrogens in the compounds of formula 
I have been replaced by the cations derived from the salt fomiing bases hereinbefore defined, may be prepared 
by mixing an aqueous or alcoholic solution of the compound formula I with an aqueous or alcoholic solution 
containing an amount of the requisite base in excess of. equal to or less than the stoichiometric requirement. 
The solvent may then be removed by evaporation. In many of the water-containing systems where inhibitors 
of this invention would prove useful, the water is sufficiently alkaline to effect neutralisation and only the product 
of the invention need be added. 



8 
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The present invention also provides a method of treating an aqueous system, to inhibit scale formation or 
fouling therein and/or to inhibit corrosion of metal surfaces in contact with the aqueous system, comprisino add- 
ing to the system a (co)telomer compound of fomiula V or a salt thereof. 

In pracUce. the amount of the compound of formula V used to treat the aqueous system may vary according 
ra the protective function which the compound is required to perform. 

For example, for corrosion-inhibiting protective treatments, optionally with simultaneous scale-inhibiting 
beabnents. the amount of the compound of fomiula V added to the aqueous system may range from 0.1 to 
50,000 PP-" (0.00001 to 5% by weight), preferebly from 1 to 500 ppm (0.0001 to 0.05% by weight), based on 
the weight of the aqueous system. 

. ^ anti-scale treatments, the amount of the compound of formula V added is conveniently from 1 

to 200, preferably 1 to 30 ppm. based on the aqueous system. 

For most relaUvely dilute aqueous dispersions to be treated, the amount of compound of formula V to be 
added as dispersan/antifoulant is conveniently from 1 to 200 ppm. preferably 2-20 ppm by weight. Aqueous 
slumes to be treated, however, may require much higher levels of compound of formula V e.g from 0 1 to 5% 
by weight on total solids - which can be as high as 70% by weight of the total aqueous system 

When used to inhibit deposition of scale and the precipitation of salts from aqueous solutions, the com- 
pounds of formula V. or salts thereof, are particulariy effective in inhibiting deposition of scale-forming salts 
derived from calcium, magnesium, barium or strontium cations, and anions such as sulphate, carbonate hv- 
droxide. phosphate and silicate. ' 

With respect to aqueous systems which may be treated according.to the present invention, of particular 
interest with respect to combined corrosion inhibition and anti-scale treatments are cooling water system steam 
generating systems, sea-water evaporators, reveree osmosis equipment, paper manufacturing equipment, su- 
gar evaporator equipment, soil irrigation systems, hydrostatic cookere. gas scrubbing systems, closed circuit 
heating systems, aqueous-based refrigeration systems and down-well systems; for corrosion inhibition treat- 
ments alone, aqueous systems of particular interest include aqueous machining fluid fomiulations (e.g. for use 
in bonng. milling, reaming, broaching, drawings, spinning, toming, cutting, sawing, grinding, and thread-cutting 
operations or in non-cutting shaping in drawing or rolling operations) aqueous scouring systems, engine cool- 
ants including aqueous glycol antifreeze systems, water/glycol hydraulic fluids; and aqueous based polymer 
alkox^SnSl? polymer systems, e.g. those containing tetrahydrofuran. ketones or 

The inhibitor compound of formula V used according to the invention may be used alone, or in conjunction 
with other compounds known to be useful in the treatment of aqueous systems. 

In the treatment of systems which are completely aqueous, such as cooling water systems, air-conditioning 
systems, steam-generating systems, sea-water evaporator systems, hydrostatic cookers, and closed circuit 
heating or refrigerant systems, further corrosion inhibitors may be used such as, for example, water soluble 
zinc salts: phosphates; polyphosphates; phosphonic acids and their salts, for example, hydroxyethyl diphos- 
phonic acid (HEDP). nitrilotris methylene phosphonic acid and methylamino dimethylene phosphonocarboxylic 
acids and their salts, for example, those described in Gemian Offenlegungsschrift 2632774, hydroxyphospho- 
noacetic acid, 2-phosphonobutene-1.2.4-tri-carboxylic acid (PBSAM) and those disclosed in GB 1572406- ni- 
trates, for example, sodium nitrate; nitrites. e.g. sodium nitrite; molybdates. e.g. sodium molybdate. tungstates 
e.g. sodium tungstate; silicates, e.g. sodium silicate; benzotriazole, bis-benzotriazole or copper deactivating 
benzotnazole ortolutriazde derivatives e.g. their Mannlch base derivatives; mercaptobenzotriazole- N-acyl sar- 
cosines; N-acylimino diacetic acids; ethanolamines; fatty amines; and polycarboxylic acids, for example poly- 
maleic acid and polyacrytic acid, as well as their respective alkali metal salts, copolymers of maleic anhydride 
e.g. copolymers of maleic anhydride and sulfonated styrene. copolymers of acrylic acid. e.g. copolymers of ac^ 
ryhc acid and hydroxyalkylated acrylic acid, and substituted derivatives of polymaleic and polyacrylic acids and 
their copolymers. Moreover, in such completely aqueous systems, the inhibitor used according to the invention 
may be used in conjuction with further dispersing andfor threshold agents, e.g. polymerised acrylic acid (or its 
salts), phosphino-polycarboxylic acids (as described and claimed in British Patent 1458235). the cotelomeric 
compounds described in European Patent Application No: 0150706, hydrolysed polyacrylonitrile. polymerised 
methaciylic acid and ite salts, polyacrylamide and copolymers th reof from acrylic and methacrylic acids lignin 
sulphonic acid and its salts, tannin, napthalene sulphonic acid/ formaldehyde condensation products starch 
and ite denvatives. cellulose, acrylic acid/lower alkyi hydroxy-acrylate copolymers, e.g. those described in US 
Patent Specification No: 4029577, styrene/maleic anhydride copolymers and sulfonated styrene homop ly- 
mers, e.g. those described in US Patent Specification No: 4374733 and combinations thereof. Specific thresh- 
old agents, such as for example. 2-phosphono-butene- 1 ,2.4-tri-carboxylic acid (PBSAM), hydroxyethyl diphos- 
phonic acid (HEDP). hydrolysed polymaleic anhydride and its salts. alkyI phosphonic acids, hydroxyphospho- 
noaceticacid. 1-aminoalkyl-1.1-diphosphonic acids and their salts, and alkali metal polyphosphates may also 
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be used. 

Particularly interesting additive packages are those comprising compounds of fomiula V with one or more 
of polymaleic acid or polyacrylic acid or their copolymers, or substituted copolymers, hydroxyphosphonoacetic 
acid. HEDP, PBSAM. triazoies such as tolutriazole, molybdates and nitrites. 

Precipitating agents such as alkali metal orthophosphates, carbonates; oxygen scavengers such as akali 
metal sulphites and hydrazines; sequestering agents such as nitrilotriacetic acid and its salts; antifoaming 
agents such as silicones, e.g. polydimethytslloxanes. distearylsebacamide, distearyl adipamide and related 
products derived from ethylene oxide and/or propylene oxide condensations, in addition to fatty alcohols, such 
as capryl alcohols and their ethylene oxide condensates; and biocides, e.g. amines, quaternary ammonium 
compounds, chloro-phenols, sulphur-containing compounds such as sulphones, methylene bis thiocyanates 
and carbamates, isothiazolones, brominated propionamides, triazines, phosphonium compounds, chlorine and 
chlorine-release agents bromine and bromine release agents and organometallic compounds such as tributyl 
tin oxide, may be used. 

If the system to be treated by the method of the invention is not completely aqueous, e.g. an aqueous ma- 
chining fluid fonmulation, it may be e.g. a water dilutable cutting or grinding fluid. 

The aqueous machining fluid fonmulations of the invention may be, e.g. metal working formulations. By 
"metal working", we mean reaming, broaching, drawing, spinning, cutting, grinding, boring, milling, turning, saw- 
ing, non-cutting shaping or rolling. Examples of water-diiutable cutting or grinding fluids into which the corrosion 
inhibiting combination may be incorporated include: 

a) aqueous concentrates of one or more conrosion inhibitors, and optionally one or more anti-wear addi- 
tives, used as dilutions of 1:50 to 1:100, which are usually employed as grinding fluids; 

b) polyglycols containing biocides, corrosion inhibitors and anti-wear additives which are used as dilutions 
of 1:20 to 1:40 for cutting operations and 1:60 to 1:80 for grinding; 

c) semi-synthetic cutting fluids similar to (b) but containing in addition 10 to 25% oil with sufficient emulsifier 
to render the water diluted product translucent; 

d) an emulsifiable mineral oil concentrate containing, for example, emulsifiers. corrosion inhibitors, extreme 
pressure/an ti- wear additives, biocides, anti-foaming agents, coupling agents etc; they are generally diluted 
from 1:10 to 1:50 with water to a white opaque emulsion; 

e) a product similar to (d) containing less oil and more emulsifier which, on dilution to the range 1:50 to 
1:100, gives a translucent emulsion for cutting or grinding operations. 

For those partly-aqueous systems in which the aqueous system component is an aqueous machining fluid 
fomiulation. the inhibitor of formula V used according to the invention may be used singly, or in mixture with 
other additives, e.g. known further corrosion inhibitors and/or extreme-pressure additives. 

Examples of other corrosion inhibitors which may be used in these aqueous systems, in additk>n to the 
inhibitor composition used according to the invention, include the following groups: 

a) Organic acids, their esters or ammonium, amine, alkanol-amine and metal salts, for example, benzoic 
acid, p-tert-butyl benzoic acid, disodium sebacate, triethanolamine laurate, iso-nonanoic acid, triethano- 
lamine salt of (p-toluene sulphonamido caproic acid), triethanolamine salt of benzene sulphonamido cap- 
roic acid, triethanolamine salts of 5-ketocarboxylic acid derivatives as described in European Patent No: 
41927, sodium N-tauroyl sarcosinate or nonyt phenoxy acetic acid; 

b) Nitrogen containing materials such as the following types: fatty acid alkanolamides; imidazolines, for ex- 
ample, 1-hydroxy-ethyl-2-oleyl-imidazolines; oxazolines; triazoies for example, benzotriazoles, or their 
Mannich base derivatives; triethanolamines; fatty iamines; inorganic salts, for example, sodium nitrate; and 
the carboxy-triazine compounds described in European Patent Application No: 46139; 

c) Phosphorus containing materials such as the following types: amine phosphates, phosphonic acids or 
inorganic salts, for example, sodium dihydrogen phosphate or zinc phosphate; 

d) Sulphur containing compounds such as the following types: sodium, calcium or barium petroleum sul- 
phonates, or heterocyclics, for example, sodium mercaptobenzothiazote. 

Nitrogen-containing materials, particulariy triethanolamine, are preferred. 

Examples of extreme pressure additives which may be present in the systenr^ b-eated according to the pres- 
ent invention include sulphur and/or phosphorus and/or halogen containing materials, for instance, sulphurised 
spemn oil, sulphurised fats, tritolyl phosphate, chlorinated paraffins or ethoxylated phosphate esters. 

When triethanolamine Is present in the aqueous systems treated according to the present invention, it is 
preferably present in an amount such that the ratio of inhibitor composition to triethanolamine is from 2:1 to 
1:20. 

The partly-aqueous systems treated by the method of the present invention may also be aqueous surface- 
coating compositions, e.g. emulsion paints and aqueous powder coatings for metallic substrates. 

The aqueous surface-coating composition may be, e.g. a paint such as a styrene-acrylic copolymer emul- 
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sion paint a resin, latex, or other aqueous based polymer surface-coating systems, to coat a metal substrate 
The mhibttor composition used according to the invention may be employed to prevent flash lusting of the metal 
sutetratedunng application of theswface coating and to prevent subsequentcorrosto^ 

In aqueous surface-coating compositions treated by the method of the invenHon the inhibitor composition 
may be used singly, or in admixture with other addiOves. e.g. known corrosion inhibitors, biocides. emulsifiers 
and/or pigments. 

inbefore detned"""*'" '^'^^ "^^ ***** °' *^^**** ^'^ ^^'^ 

V. ind?d7the follo^Si?!- '^''^ ""^^ '° compound of fomiula 

Phenols and alkyU and haJogenated phenols, for example, pentachlorophenol. o-phenylphenol o-phe- 
noxyphenol and chlorinated o-phenoxyphenol. and salicylanilides. diamines, triazines and organometal'lic com- 
pounds such as organomercury compounds and organotin compounds. 

Examples of pigments whfch may be used in these aqueous systems, in addition to the compound of for- 
mula V, include titenium dioxide, zinc chromate. iron oxide and organic pigments such as the phthalocyanines 

As already indicated, the cotelomers of fomiula V also function as dispersing agents and/or antifoulants 
towards common deposits, e.g. iron oxides and/or iron salts, calcium and magnesium deposits, e.g. their car- 
bonates, sulphates, oxalates and phosphates, and silt, alumina, silicates and clays found in such waters 

In particular, the method of the present invention may be applied to disperse deposits in an aqueous system 
containing 5-1 500 ppm by weight of calcium ion as well as suspended solids 

.K?-^ ^f^^^^ of the present invention finds particular use in the china day industry in which it is Important 
to obtain slumes which will not appredably separate out during transportation from the day pits to the user At 
high concentrations of suspended solids in these slurries, the cotelomers of fomiula V have been found to dis- 
perse china day and to be of value as "in-process" dispersants and as grinding aids. 

The following Examples further illustrate the present inventfon. 

Example 1 

To 44g of sodium hypophosphite are added slowly 1 02g of hydrochloric add (36%) followed by 43 5a of 

^4g Of NaOH are added and the resulting solution evaporated to dryness. 90g of product (92% yield based on 
sodium hypophosphite) is obtained. 3.p nmr shows a main peak at 39.3 ppm due to product. %P = 13.5%. 

Example 2 

The method in Example 1 is repeated but using 17.6g of sodium hypophosphite. 39.46g of 37% HCI and 
21.6g of methyl ethyl ketone. The mixture is heated, with mixing, to reflux for 8 hours. The product is washed 
? « f water.r12.2g of NaOH is added and the resulting sdution evaporated to dryness. 44.26g of 
^ntlo ^ ^ "^^^ °" *°*""'" hypophosphite) is gained ^ipnmr shows a main peak at 39.7ppm %P= 

10.62%. 

Example 3 

Using the method in Example 1. there are reacted 44g of sodium hypophosphite. 51g 37% HCI and 22g 
acetaldehyde. The mixture is heated with mixing to reflux for 7.5 hours. 18.3g of NaOH is added and the re- 
sulting solution evaporated to dryness. 85g of product (77.09% yield based on sodium hypophosphite) is 
gained. 3'Pnmr shows a main peak at 35.7ppm%P = 15.6%. / i- k / 

Example 4 — 

To 9 9g of cydohexylamine are added, with cooling 13.2g of hypophosphorous add (50% solutkin) fdlowed 
by 45g of fomialdehyde solution (40%). The sdution is heated at 95°C for 5.5 hours. 2.5g of NaOH are added 
and the resulting sdution is evaporated to dryness. 18.4g of product (51 .7% yield, based on hypophosphorous 
acid) are obtained. siPnmr shows a main peak at 10 ppm due to the product %P = 12.0%. 
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Example 5 

Using the method described in Example 1. there are reacted 22g sodium hypophosphite, 74g 37% HCI 
and 24,5g cydohexanone. The mixture is heated, with mixing, to reflux for 8 hours. 32g of NaOH are added 
5 and the resulting solution is evaporated to dryness. 32.1g of product (94.2% yield based on sodium hypophos- 
phite) is obtained. ^^Pnmr shows a main peak at 37.9ppm. %P = 15.49%. 

Example 6 

10 To 1 0O.Sg of the product of Example 1 in 352g water are added, separately, 23.83g of sodium persulphate 
in 160g of water and 576g of acrylic acid with 82.3g of the product of Example 1 in 240g of water, dropwise, 
over 5 hours, with stining at 80^C. The temperature is maintained at 90°C for one hour then increased to 1 0O^'C 
for a second hour, to produce 1504.5g of product of solids content 50%. The product has and M„ = 1144 and 
an = 2393 and % P = 2.6.. 

15 

Example 7 

To 1 9.7g of the product of Example 1 in 70 poms of distilled water are added, separately, 4.77g of sodium 
persulphate in 32gofwater and 28.8g of acrylic acid with 1 6.1 2g of the product of Example 1 in 48 mis of distilled 
20 water, dropwise, over 2 hours with stimng at 80°C. The temperature is maintained at 80°C for 1 hour followed 
by heating for 1 hour at lOO'^C to produce 21 5g of product of solids content 33%. The product is characterised 
by GPC with Mn 576. Mw 819 and % phosphorous content of 7%, 

Example 8 

25 

To 19.7g of the product of Example 1 in 70mls of water are added, separately 4.77g of sodium persulphate 
in 32mls of water and 144g of acrylic acid with 16,12g of the product of Example 1 in 48mls of water; dropwise. 
over 2 hrs. with stirring at 80**C. The temperature is maintained at 80*=»C for one hour, then increased to lOO^'C 
for a second hour to produce 330.6g of product of solids content = 55%. The product had M„ = 1706 and 
30 = 2985. %P = 2.6. 

Example 9 

To 1 9.7g of the product of Example 1 in 70mls of water, are added separately 4.77g of sodium persulphate 
35 In 32 mis of water and 86g of acrylic acid with 16.12g of the product from Example 1 in 48mls of water, dropwise, 
over 2 hrs, with stimng at 80°C. The temperature is maintained at 80^C for one hour, then increased to 100°C 
for a second hour, to produce 274g of product of solids content = 49.4%. The product has Mn = 1340 and 1^ 
= 2418. %P = 3.9. 

40 Example 10 

To 9.66g of the product of Example 5 in 25 mis of water, there are added, separately. 2.38g of sodium per- 
sulphate in 20 mis of water, and 57.6g of acrylic acid with 9.66g of the product of Example 5 in 20 mis of water, 
dropwise, over 2 hours, with stining, at 80^C. The temperature is increased to 100°C and held at lOO^^C for 2 
45 hours, to produce 149g of a product having a solids content of 52.36%. Mp = 973. Mw = 1 745 and %P = 3.4. 

Example 1 1 

To 7.64g of the product of Example 4 in 20 mis of water, there are added, separately. 1 .9g of sodium per- 
50 sulphate in 15 mis of water and 23.04g of acrylic acid with 7.64g of the product of Example 4 in 20 mis of water, 
dropwise. over 2 hours, with stirring at 80^C. The temperature is then increased to 100°C and held at 100X 
for 2 hours to produce 76.06g of a product having a solids content of 43.57%. Mn = 1707, M«, = 4616 and % P 
= 4.7. 

55 Example 12 

To 20.67g of the product of Example 2 in 70 mis of water, there are added, separately, 4.77g of sodium 
persulphate in 30 mis of water and 86.4g of acrylic acid with 20.67g of the product of Example 2 in 48 mis of 
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water, dropwise. over 2 hours, with stirring, at 80''C. The temperature is increased to lOO^'C and then held at 
lOO^^C for 2 hours, to produce 269.4g of a product having a solids content of 47.3%, M„ = 1018, = 1747 and 
% P = 3.2. 

5 Example 13 

To 8.85g of the product of Example 1 in 1 5mls of water, are added, separately. 2.38g of sodium persulphate 
in 10mls of water and 41 6g of vinyl sulphonic acid (25% in HjO) with 8.85g of the product of Example 1 in 15mls 
of H2O, dropwise. over 2 hrs. with stining at 80X. The temperature is maintained at 80*^0 for one hour then 
10 increased to 100 for a second hour, to produce 460g of product of solids content = 35%. The product had Mn 
= 517andMw = 851.%P = 1.5. 

Example 14 

15 To 17.71g of the product of Example 1 in 23mls of water, are added, separately, 2.38g of sodium persul- 
phate in 16mls of water and 28,8g of acrylic acid with 208g of vinyl sulphonic acid (25% in H2O), dropwise, 
over 2 hours, with stining atSOX. The temperature is maintained at 100°C for2 hours to produce 261g of prod- 
uct of solids content = 42.8%. The product has Mr = 879 and = 1850. % P = 2,0. 

20 Example 15 

To4.43g of the product of Example 1 in 15 mis of water, are added, separately, 1.19g of sodium persulphate 
in lOmIs of water, 78.96g AMPS (58%) and 14.4g of acrylic acid with 4.43g of the product of Example 1 in 10mls 
of water, dropwise, over 2 hours, with sbning, at reflux temperature of lOO'^C. The temperature is then main- 
25 tained at 100 for 2 hours to produce lOlg of product of solids content = 58.58%. The product had Mn = 847 
and Mw = 3634.% P = 1.7. 

Example 16 

30 To 24.35g of the product of Example 1 in 80mls of water, are added, separately, 6.55g of sodium persul- 

phate in 50mls of water. 78.96g of AMPS (58%) and 1 44g of acrylic acid with 24.35g of the product of Example 
1 in 55mls of water, dropwise, over 2 hours, with stirring at reflux, 100°C. The temperature is then maintained 
at 100X for 2 hours to produce 415.6g of product of solids content 53,71%. The product had Mn = 861 and 
M«, = 2351.%P = 2.7. 

35 

Example 17 

To 8.85g of the product of Example 1 in 15mls of water, are added, separately, 1 .19g of sodium persulphate 
in 5mls of water, 14.4g of acrylic acid and 90g Allyl ether of poly ethylene oxide with M^ = 450, in 50 mis of 
40 water, dropwise, over 2 hours with stirring at 95^0. The temperature is maintained at 95*'C for 2 hours to produce 
135g of product of solids content 62.72%. The product has M„= 443 and M^ = 2328. %P = 1.2. 

Example 18 

45 To 8.85g of the product of Example 1 in 15g of distilled water are added, separately. 1.19g of sodium per- 
sulphate with 4.9g of maleic anhydride in 30g of H2O and 25.2g of acrylic acid, dropwise. over 2 hours with 
stirring at 80X. The temperature is then raised to 100^C for 2 hours to produce 75 grams of product with solids 
content of 50%. The product is characterised by GPC with Mn = 346 and M^ = 1 721 and a phosphorus content 
of 30%. 

50 

Example 19 

To 1 7.7g of the product of Example 1 in 25 grams of water are added, separately 2.38g of sodium persul- 
phate with 4.9g of maleic anhydride in 25g of H2O and 25.2g of acrylic acid, dropwise over 2 hours, with stirring 
55 at 80®C. The temperature is then raised to 1 0O^'C for 2 hours to produce 82g of product with solids cont nt 54%. 
Mn = 461, M„ = 1244 and % P = 4.9. 
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Example 20 

619g of sodium hypochlorite solution are added, dropwise, with cooling, over 1 hour to the product of Ex- 
ample 6. The sample is heated to 80''C for 2 hours to give 2050g of product with M„ = 1380 and - 2560, 
5 %P = 2.6, solids content 41 .7%. 

Example 21 

123g of sodium hypochlorite solution are added, dropwise, over 1 hour to 200 grams of the product of Ex- 
10 ample 7. The sample is then heated to 80X for 2 hours to give 3 lOg of product with solids content 27%. The 
product is characterised by GPC with hA„ 632. 867 and %P • 4.5. 

Example 22 

IS 123g of sodium hypochlorite are added dropwise, with cooling, over 1 hour, to the product of Example 8. 

The sample is heated to SO^'C for 2 hours to give 439g of product with Mn = 1 829 and = 3072. % P = 3.23%. 
solids content 47.3%. 

Example 23 

20 

123g of sodium hypohlbrite are added dropwise, with cooling, over 1 hour, to the product of Example 9. 
The sample is heated to SO^'C for 2 hours to give 350g of product with Mn = 1453 and = 2408. %P = 3.23% 
solids content 36.0%. 

25 Example 24 

27.79g of sodium hypochlorite are added, dropwise, with cooling, over 1 hour to 230g of the product of 
Example 13. The sample is heated to dO^'C for 2 hours to give 251g of product with Mn = 541 and Mw = 702, 
and solids content = 34%. P = 1.26% 

30 

Example 25 

35.94g of sodium hypophosphite are added, dropwise, with cooling, over 1 hour, to 128g of the product of 
Example 14. The sample is heated for 4 hours at SO^'C to give 102g of product with Mn = 566 and Mw - 1900. 
35 Solids content = 38.68%. %P = 1 .73% 

Example 26 

33.0g of sodium hypophophosphite are added, dropwise, with cooling, over 1 hour to 51g of the product 
40 of Example 14. The sample is heated for 6 hours, at 80'>C, to give 74g of product with Mn = 393 and Mw 3846. 
P = 1 .35% solids content 45.8%. 

Example 27 

45 95.1g of sodium hypochlorite are added, dropwise, with cooling, over 1 hour, to 207g of the product of Ex- 

ample 16. The sample is heated to 80'*C for 6 hours to give 278g of product with Mn 860 and M^ = 2640. Solid 
contents = 45.27% % P = 2.38% 

Example 28 

50 

33.79g of sodium hypochlorite are added, dropwise, with cooling, over 1 hour, to 67.4g of the product of 
Example 1 7. The sample is heated to 80**C for 4 hours to give 251 .6g of product with Mn = 795 and Mn = 2403, 
%P = 0.8 solids content 50.1 %. 

55 Example 29 

18.3 grams of sodium hypochlorite solution are addded, dropwise, over 30 minutes to 50g of the product 
of Example 1 8. The sample is then heated to 80''C for 2 hours to give 58.5g of product of solids content = 42%, 
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M„ = 390 and = 1947. %P = 2.5. 
Examples 30 to 39 

Thr shotd Test for Calcium Carbonate 

The following solutions (a), (b) and (c) are prepared. 

a) 1.1 grams of calcium chloride dihydrate and 0.75 grams of magnesium chloride hexahydrate are dis- 
solved in distilled water and the solution is made up to 1 litre. 

b) 0.18 gram of sodium carbonate and 0.74 gram of sodium bicart)onate are dissolved in distilled water 
and the solution is made up to 1 litre. 

c) The test compound is dissolved in water to give a solution containing 1000 ppm of active ingredient 
50 mis of solution (a) are placed in a 4oz glass bottJe. To this solution is added that volume of solution (c) 

required to produce a concentration of test compound 1 of 2 ppm in the final volume (100ml) of test solution 
(e.g. 0.2 ml of solution (c) produces a concentraUon of 2 ppm of test compound in the test solution). 

50 mis of solution (b) are added and the solutions are mixed. The test solution is stored in a constant tem- 
perature bath at 70»C for 30 minutes. Air is bubbled through the solutions at 0.5 litres/minute per test bottle 

40 mis of the test solution are withdrawn, filtered, a crystal of Patton and Reader's Reagent (2-hydroxy-1- 
(2-hydroxy-4-sulpho-1-naphthyla2o)-3naphthoic acid) is added, followed by two pellets of sodium hydroxide 
The resulting solution is titrated with a standard 0.01 M solution of ethylene-diamine tetra-acetic acid di-sodium 
salt. f 

The results, set out in the following Table are expressed as % inhibition of precipitation of calcium carbonate 
relative to a blank titre (i.e. one containing no test compound). 



% Inhibition = 



Utre - blank titre 
Standaid titre - blank titre 



xlOO 



Table 



Example 


Test (i;ompound 
Product of Example No: 


% Inhibition at 2 ppm 


30 


6 


89 


31 


8 


96 


32 


9 


84 


33 


10 


94 


34 


12 


86 


35 


16 


85 


36 


20 


98 


37 


22 


97 


38 


27 


99 


39 


29 


91 
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Claims 

i. An aqueous process for the production of a (co)teiomer having the formula I: 



10 



OX< 



0X5 

f 5 in which X5 is hydrogen, C1-C4 alkyl, phenyl, an alkali metal - or alkaline earth metal atom, or an ammonium 

or amine residue; A2 is a homopolymer residue having the fonmula 11: 



20 



•CH(Wi) 



C(W2)(W3) 



H 



J r 



25 or A2 is a copolymer residue comprising two or more different residues -[CH(Wi)-C(W2)(W3)]r in which 

Wi is hydrogen, methyl or a residue -CO2W4 in which W4 is hydrogen or Ci-Ca alkyl, optionally substituted 
by a hydroxy group. W2 is hydrogen, C1-C4 alkyl, hydroxymethyl, -CO2 W5 in which W5 Is hydrogen, a re- 
sidue of fomiuta: 



30 



O 



35 



CH9 



CH- 



a residue of formula: 



40 



CH2 CHCW^p- 



H 



J s 



45 in which We is hydrogen, methyl or phenyl and s is an integer ranging from 1 to 1 00, or W5 is CrCs alkyl 

which is optionally substituted by SO3 X5 in which X5 has its previous significance; W3 is a residue - CO2 
W4 in which W4 has its previous significance, or W3 is CrCs alkyl optionally substituted by one or two car- 
boxylic acid groups, or is a phenyl residue optionally substituted by hydroxyl or SO3 X5 in which X5 has 
its previous significance, or W3 is acetyl, hydroxymethyl. hydroxyl, acetomethyt. SO3 X5, CH2 SO3 X5 or 

50 P03(X5)2 in which X5 has its previous significance, a residue CONWyWs in which W7 and We are the same 

or different and each is hydrogen, C^-Cq alkyl, hydroxymethyl or a residue CH(OH)C02X5. 
C(CH3)2CH2S03X5, C(CH3)2 CH2CO2X5 or C(CH3)2CH2P03(X5)2 in which X5 has its previous significance, 
or N(W9)COCH3 in which Wg is hydrogen or C1-C4 alkyl or W3 is -CH2[0(CH2)p]s-OW9 in which W9 and s 
have their previous significance and p is an integer from 1 to 12; or W3 and Wi may form a carboxylic acid 

55 anhydride moiety -C0.O.CO-; and r is an integer ranging from 2 to 1 00, which process comprises reacting, 

in an aqueous medium, a compound having the fonfnula III: 
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Rl O 



H m 



OX< 



10 in which Xg has its previous significance. Y is OR3 in which R3 is hydrogen or C1-C4 alkyi or NR4R5 in which 

R4 and R5, Independentiy. are hydrogen or CrC4 alkyl. or R4 and R5. together with the nitrogen atom to 
which they are attached, can form an N-heterocydic ring; and R, and R2. independentJy. are hydrogen or 
C1-C4 alkyl or Ri and Rj. together with the carbon atom to which they are attached, may fomi a cydopenlyl 
or cydohexyl ring, with r moles of one or more olefins of formula IV; 



. CH(W,) = C(W2)(W3) IV 
in which W,, W2 and W3 have their previous significance, to fomi a compound having the formula V: 

Ri o 



R2 0X5 

30 in which Y, R^, R2, X5 and A2 have their previous significance; and then converting the compound of fomiula 

V to a compound of fomiula I. 

2. A process according to claim 1 in which A2 is a homopolymer residue of formula II in which Wi is hydrogen 
W2 is hydrogen or CO2W4 in which W4 is as defined in claim 1. and W3 is as defined in daim 1, 



55 



3. A process according to claim 1 in which A2 is a copolymer comprising at least one unit of fomiula II in which 
Wi is hydrogen, W2 is hydrogen or CO2W4 in which W4 is as defined in daim 1 and W3 is as defined in 
claim 1 , and at least one unit of fomiula II in which and W2 are each hydrogen or CO2W4 in which W4 
is as defined in daim 1 , and W3 is as defined in daim 1 . 

4. A process according to any of the preceding daims in which the process is perfomied in the presence of 
a reaction initiator. 

5. A process according to claim 4 in which the reaction initiator is a compound which decomposes, under 
the reaction conditions, to yield free radicals. 

6. A process according to claim 5 in which the compound is bisazobutyronitrile; an organic peroxide; or an 
oxidizing agent. - 

7. A process according to any of the preceding daims in which the olefin reactant of formula IV is acrylic 
add or methacrylic^acid, acrylamide. N-hydroxymethylacrylamide, N.N-dimethyl- acrylamide. N-vinyMN- 
methylacetamide. N-allylacetamide, N-acrylamidoglycollic acid, methacrylic acid, methyl methacrylate. 
ethyl acrylate. 2-hydroxyethyl methacrylate, 2-hydroxypropyl methacrylate. 2-hydroxyethyl acrylate. 2-hy- 
droxypropyl acrylate, maleic acid, maleic anhydride, a maleimide, 2-carboxyethyl acrylate, 3-buten- 1,2,3- 
tri-carboxylic add, dimethyl maleate, diethyl maleate, diethyl fumarat , itaconic add, dimethyl itaconate, 
vinyl sulphonic add. allyl sulphonic acid. 4.styrene sulfonic add, sodium- or potassium salts of 3-sulpho^ 
propyl acrylic add. 2-acrylamido- 2 methyl-propane sulphonic acid, vinyl phosphonic add, styrene phos- 
phonic add. allyl alcohol, allyl acetate, vinyl acetate, styrene. a-methyl styrene, hexene. octen , N-acryl- 
amidopropane sulphonic add. glycldyl methacrylate. crotonic add, ethyl crotonate. polyethylene glycol es- 
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ters, polypropylene glycol esters of (meth)acfylic acids or an ally! polyethylene or propylene glycol ether. 

8. A method of treating an aqueous system to inhibit scale formation or fouling in it and/or to inhibit corrosion 
of metal surfaces in contact with the aqueous system, comprising adding to the aqueous system a (co)te- 
lomer compound of fomiula V. or a salt thereof, as defined in claim 1. 

9. A method according to claim 8 in which the aqueous system is treated to inhibit the deposition of scale 
from it, and the (co)telomer compound of formula V is added in an amount of from 1 to 200 ppm. 

10. A method according to claim 9 in which the anrwunt of (co)telomer of formula V added ranges from 1 to 
30 ppm. 

11. A compound having the formula V: 



15 



R, 



O 



20 



25 



R2 0X5 

in which Y, Ri, R2, X5 and A2 are as defined in claim 1. 
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